Abstract Rationale: A number of studies have compared ecstasy users to control groups on various measures of neuropsychological function in order to determine whether ecstasy use results in lasting cognitive deficits. However, few of those studies controlled adequately for non-ecstasy illicit drug use. Objective: The aim of this study was to investigate neuropsychological function in chronic ecstasy users while controlling for polydrug use. Methods: Neuropsychological function was assessed in four groups-30 current 3,4-methylenedioxymethamphetamine (MDMA) users with a little history of illicit drug use other than ecstasy and cannabis, 30 polydrug controls, 30 drug-naïve controls and 20 ex-MDMA users-using a battery of wellvalidated, computerized neuropsychological tests. The battery focused on memory, executive function, impulsivity and risk-taking. Results: Few differences were apparent between the groups, and on no measure were the current MDMA users impaired significantly relative to the polydrug controls. However, within the current MDMA users, questionnaire-measured impulsivity correlated with performance on a number of tests-a relationship that was not apparent in the controls. Conclusions: These data highlight the complexity in understanding the current ecstasy literature and suggest that some individuals may be particularly vulnerable to cognitive impairment following chronic use. Although no differences were identified between the current MDMA users and the controls, trait impulsiveness was significantly correlated with impairment on a number of neuropsychological outcome measures in the MDMA users, but not in the controls. These data suggest that impulsive individuals may be those most at risk for the development of cognitive impairment following chronic ecstasy use.
Introduction 3,4-Methylenedioxymethamphetamine (MDMA or 'ecstasy') is a ring-substituted amphetamine derivative, whose use as a drug of abuse has increased steadily over the last 15 years. MDMA has a half-life of approximately 9 h in humans, and users report heightened mood, increased extroversion, derealization and mild perceptual alterations, with peak effects occurring approximately 2-4 h after ingestion (Gamma et al. 2000) . MDMA, unlike other stimulant drugs, does not commonly produce a dependence syndrome, but rather is used recreationally at rave parties, especially in large dance clubs. Typically, users take at least one ecstasy tablet, containing anywhere from 0 to 150 mg of MDMA, although this is often mixed with other substances (Cole et al. 2002) . Recent estimates have concluded that, in England, between 500,000 and 2,000,000 ecstasy tablets are taken each week (United Nations Office for Drug Control and Crime Prevention 2003) .
There is good evidence that chronic MDMA administration causes long-term depletions of serotonin (5-HT) and its metabolite 5-hydroxyindole acetic acid (5-HIAA) in rats (Battaglia et al. 1991; McKenna and Peroutka 1990; O'Shea et al. 1998) . A number of studies have also shown long-term depletions of 5-HT following MDMA administration in non-human primates (Ricaurte et al. 1992; Scheffel et al. 1998) , in one case 7 years following initial administration (Hatzidimitriou et al. 1999) .
Although no study has yet examined indices of 5-HT function before and after chronic ecstasy use in humans, a number of studies have compared ecstasy users to controls on various indices of 5-HT function. It has been reported that ecstasy users show reduced cerebrospinal fluid 5-HIAA concentration (Bolla et al. 1998; McCann et al. 1994; Ricaurte et al. 1990) , blunted cortisol and prolactin response to fenfluramine challenge (Gerra et al. 2000; Verkes et al. 2001) and blunted response to the 5-HT 2 agonist m-chlorophenylpiperazine ). In addition, ligand-binding studies employing positron emission tomography and single photon emission computed tomography have reported lower specific binding potentials to the 5-HT transporter in ecstasy users compared to controls (Buchert et al. 2004; McCann et al. 1998; Reneman et al. 2001; Semple et al. 1999 ; Thomasius et al. 2003) . However, one of these studies found a degree of recovery in 5-HT transporter levels following a period of abstinence (Thomasius et al. 2003) .
Several studies have reported that ecstasy users perform significantly worse on cognitive tests than controls. The most commonly reported deficit is in memory performance (see Morgan 2000 for a review), especially on tests of verbal recall, including the Rivermead Behavioural Memory Test (Morgan 1999 ) and the Wechsler Logical Memory Test (Rodgers 2000) . However, results are equivocal, with some studies reporting no differences between ecstasy users and controls, especially if control groups and ecstasy using groups are matched for cannabis use (Croft et al. 2001; Dafters et al. 1999 Dafters et al. , 2003 Gouzoulis-Mayfrank et al. 2000) . Measures of executive function, such as planning, task switching and working memory, are less commonly affected in ecstasy users (Fox et al. 2002; GouzoulisMayfrank et al. 2003) , although verbal fluency, considered to be a measure of 'cognitive flexibility', has frequently been reported to be impaired (Bhattachary and Powell 2001; Fox et al. 2002; Heffernan et al. 2001) .
Data comparing ecstasy users to controls on questionnaire-based impulsiveness measures, such as the Impulsiveness, Venturesomeness and Empathy Questionnaire (IVE; Eysenck and Eysenck 1991) and the Barratt Impulsiveness Scale (Patton et al. 1995) , have not been consistent, with some studies reporting elevated scores (Morgan et al. 2002; Parrott et al. 2000; Verheyden et al. 2002) and some reporting lower scores in ecstasy users relative to controls (McCann et al. 1994 ), but with others reporting no difference (Gouzoulis-Mayfrank et al. 2003; Morgan 1998 ). The few studies that have assessed decision-making behaviours in ecstasy users report conflicting findings (Butler and Montgomery 2004; Fox et al. 2002) .
The aim of the present study was to evaluate neuropsychological performance in ecstasy users while controlling for non-ecstasy drug use. We aimed to test performance in four domains of function: episodic memory, executive function, decision-making and impulsivity. Based on previous findings, we predicted that the ecstasy users would differ from the drug-naïve controls on tests tapping episodic memory, decision-making and impulsivity, but not on those tapping executive function. We further predicted that no differences would be apparent between the ecstasy users and the polydrug controls on any measure of cognitive function.
Methods

Participants and experimental design
A cross-sectional design was employed to investigate neuropsychological function in four groups: current MDMA users, ex-MDMA users, polydrug controls with no history of ecstasy use and drug-naïve controls. The participants were recruited as described in Roiser and Sahakian (2004) : 30 current MDMA users, 30 polydrug controls, 30 drug-naïve controls and 20 ex-MDMA users. Demographic and drug use statistics are provided in Tables 1, 2 and 3. Procedure Participants were tested at the Wellcome Trust Clinical Research Facility, Addenbrooke's Hospital (Cambridge, UK). All participants provided informed consent, and the study was approved by the Cambridge Local Research Ethics Committee (LREC number 02/076). A 10-ml blood sample was taken, which was used to screen for the recent use of stimulants (performed by Tricho Tech; http://www. trichotech.co.uk) and to extract deoxyribonucleic acid as part of a related investigation. Verbal intelligence quotient (IQ) was estimated using the National Adult Reading Test (NART; Nelson 1982) . Participants also completed a drug use questionnaire and the IVE (Eysenck and Eysenck Psychological rating scales and neuropsychological assessment All participants were assessed on the same battery of rating scales and neuropsychological tests as detailed below.
Other than the Tile Manipulation test, all tests used in this study have been described elsewhere, so only a brief description is provided of each. All participants sat approximately 60 cm from a touch-sensitive computer screen controlled by an Advantech Pentium personal computer (Model PPC-120T-RT) and carried out the tests in the same order as described below.
IVE questionnaire
The IVE is a personality questionnaire that consists of 42 yes/no items that factor onto three personality domains: impulsiveness (self-control), venturesomeness (risk-taking) and empathy (identification with the emotional state of 
Mental Rotation test
Working memory test is based on an original investigation by Shepard and Metzler (1971) . Participants are required to decide if a letter, either an 'R' or an 'F', is presented as usually seen or in the mirror image. Letters are presented at various degrees of rotation (from 0°to 360°in 30°i ntervals) such that participants are required to mentally rotate the image before pressing the appropriate button on a response box. Stimuli are presented at a fixed interval of 2 s, with a failure to respond considered as an error. Measures arising from this task are the number of errors and the latency at each degree of rotation.
Decision-making task
The task used has been described previously (Rogers et al. 2003 (Rogers et al. , 2004a . On each trial, participants are asked to choose between playing one of two simultaneously presented gambles (see Fig. 1 ). Each gamble is represented visually by a histogram, the height of which indicates the probability of winning a number of experimenter-defined points. Potential gains are indicated in green text above the histogram, while potential losses are indicated in red text underneath (note: all text in white in Fig. 1 ). One of the gambles (left in Fig. 1 ) is a 'control' gamble, consisting of a 0.5 probability of winning 10 points and a 0.5 probability of losing 10 points. The alternative 'experimental' gamble (right in Fig. 1 ) varies in the probability of winning (which can be either high or low; 0.75 vs 0.25), potential gains (which can be either large or small; 80 vs 20 points) and potential losses (which can be either large or small; 80 vs 20 points). An orthogonal combination of these three factors produces eight trial types. The 'control' and 'experimental' gambles appear randomly on the left or right of the display. The participant presses the '1' or '2' key on the computer keyboard to indicate the choice of the gamble presented on the left or right. Measures arising from this task are the proportion of choices of the 'experimental' gamble over the 'control' gamble as a function of its probability of winning, the size of potential gains and losses ('proportionate choice') and the mean deliberation time for these choices.
As previously described (Rogers et al. 2003) , we included two extra trial types that represented choices between gambles known to be subjected to the nonnormative biases of risk-averting and risk-seeking behaviours (the 'reflection effect'; see Kahneman and Tversky 1979) . The first of such type is a 'gains-only' trial in which volunteers are presented simultaneously with a guaranteed win of 40 points vs a 0.5 chance of winning 80 points and a 0.5 chance of losing 0 points. Neither option involves any losses. In contrast, on the 'losses-only' trials, the volunteers are presented simultaneously with a guaranteed loss of 40 points vs a 0.5 chance of losing 80 points and a 0.5 chance of losing 0 points. Neither option offers any gains. For both the 'gains-only' and 'losses-only' trials, measures arising are the proportion of trials on which the volunteers choose the guaranteed option and the mean deliberation time associated with these choices. Fig. 1 Screenshot of the decision-making task. In this example, the participant has a choice between a gamble involving a 50% chance of winning 10 points and a 50% chance of losing 10 points, and a gamble involving a 25% chance of winning 80 points and a 75% chance of losing 20 points (Rogers et al. 2003) Pattern Recognition Memory
In this episodic memory test, participants are shown a series of 12 abstract patterns and are instructed to remember them. Following a 5-s delay, each pattern, paired with a novel pattern, is then shown again to the participant in reverse order. Participants are required to make a forced-choice discrimination by touching the pattern they have seen previously. Feedback is provided to the participant by way of green ticks and red crosses. This procedure is then repeated with a further 12 patterns. Following a delay of approximately 20 min, the recognition phase of the task is repeated with the same forcedchoice trials. Measures arising from this test are percent correct and latency.
Delayed Match to Sample
In this test of working memory, participants are presented with a complex abstract pattern, which they are required to remember. Following a variable delay of either 0, 4 or 12 s, four patterns are presented, one of which is identical to the pattern previously displayed. Participants are instructed to touch the pattern that they have seen before. As a control for motor speed, simultaneous match-to-sample trials are also included, where the complex abstract pattern does not disappear. Measures arising from this test are percent correct and latency.
Statistical analysis
Data were analysed using SPSS 10 (SPSS Inc., Chicago, IL, USA). Group differences, including all four groups (current MDMA, polydrug control, drug-naïve control and ex-MDMA) were analysed using analysis of variance (ANOVA) where test assumptions were met. When variances were significantly different between groups, Welch's F statistic was used in place of the standard ANOVA. Where appropriate, data were transformed prior to analysis to reduce skewness and stabilize variances. Proportionate choice data were arcsine-transformed, as is appropriate whenever the variance of a measure is proportional to its mean (Howell 2002) ; however, all of the data reported in the text and figures described untransformed values. Post-hoc comparisons were conducted using the Tukey Honest Significant Difference test if variances were equivalent, or Tamhane T 2 test if variances were significantly different. Of the drug use variables, only alcohol, tobacco, cannabis in the last month and ecstasy use variables (other than days since last use) were normally distributed following transformation. For other drug use variables, the non-parametric KruskalWallis test was used, and post-hoc comparisons were conducted using the Mann-Whitney U test. For tests where more than one condition or set of conditions was present, repeated-measures ANOVA was employed. In cases where there was a departure from the assumption of homogeneity of covariance in the repeated-measures ANOVA, an epsilon (ɛ) factor was calculated and used to adjust degrees of freedom accordingly. The Greenhouse-Geisser procedure for adjusting the degrees of freedom was used, unless the value calculated was near or above 0.75, in which case the Huynh-Felt procedure was used (Howell 2002) . Proportionate choice and mean deliberation times on the decision-making task were analysed using repeated-measures ANOVA with the between-subject factor 'group' and the within-subject factors 'probability of winning' (high vs low), 'size of potential gains' (large vs small) and 'size of potential losses' (large vs small). The proportionate choices and mean deliberation times for the 'gains-only' and 'lossesonly' trials were analysed with 'group' as the betweensubject factor and 'trial type' as the within-subject factor. For each of the above tests, a significance level of α=0.05 was adopted. Each variable in the study was additionally submitted to a correlational analysis against each of the drug variables. As a large number of correlations were carried out, a conservative significance level of α=0.005 was used to avoid type I errors.
Results
Demographic variables
The current MDMA users did not differ from the polydrug controls on any demographic or drug use variable. Both the current MDMA users and polydrug controls had relatively low use of illicit drugs other than cannabis and ecstasy. No participant showed a positive plasma screen for stimulant drugs. The groups differed in terms of monthly alcohol consumption; the current MDMA users had drunk more alcohol in the last month than the drugnaïve controls and the ex-MDMA users (F 3,106 =3.6, p=0.016; post-hoc, p=0.008 and p=0.023, respectively). The ex-MDMA users were significantly older than the current MDMA users (F 3,106 =2.9, p=0.038; post-hoc, p=0.039).
The ex-MDMA users had taken more ecstasy tablets than the current MDMA users (t 48 =2.0, p=0.050), had taken ecstasy more frequently than the current MDMA users (t 29.6 =3.4, p=0.002) and, as expected, had a longer abstinence period than the current MDMA users (Z=5.8, p<0.001). The ex-MDMA users had a greater lifetime exposure to amphetamine and opiates than the current MDMA users (Z=3.6, p<0.001 and Z=2.5, p=0.012, respectively) and also had a greater lifetime exposure to cocaine than the polydrug controls (Z=2.2, p=0.025). reported following the analyses of group differences for each test.
Questionnaire measures
IVE questionnaire
The groups differed on impulsiveness (F 3,106 =2.9, p= 0.039), but not on venturesomeness or empathy. Post-hoc analyses revealed that the ex-MDMA users were significantly more impulsive than the drug-naïve controls (p= 0.022) (see Fig. 2 
Mental Rotation test
Data from one participant (an ex-MDMA user) were not collected due to equipment failure. Therefore, the following analyses are based on data from 109 participants. As not all participants made at least one correct response at every angle in both reflection conditions, the analyses of latency are based on data from 99 participants. Participants were slower (F 1,95 =204.6, p<0.001) when the letters were in the mirror image, were slower (F 3.1,296.7 =342.8, p<0.001, ɛ=0.52) and less accurate (F 3.8,400.2 =75.3, p<0.001, ɛ=0.64) at higher degrees of rotation and were particularly slow (F 3.4,320.5 =14.0, p< 0.001, ɛ=0.56) and inaccurate (F 3.7,386.7 =11.0, p<0.001, ɛ=0.61) at higher degrees of rotation when the letters were in the mirror image. The main effects of group and all interactions with group were non-significant. There was a marginal reflection × angle × group interaction (F 11.1,386.7 =1.8, p=0.053, ɛ=0.61) . However, since this interaction did not reach the α=0.05 level of significance, it was not analysed further.
Decision-making
Proportionate choice
As expected, participants chose the 'experimental' gamble over the 'control' gamble more often when the probability of winning was high (F 1,106 =314.8, p<0.001), when potential gains were high (F 1,106 = 190.3, p<0.001) and when potential losses were low (F 1,106 =152.1, p<0.001). However, neither the main effect of group nor any interactions with group approached significance.
Deliberation times
Participants were quicker when the probability of winning was high (F 1,106 =13.7, p<0.001) and when potential losses were low (F 1,106 =12.0, p<0.001), but potential gains did not affect latency (F 1,106 <1). However, neither the main effect of group nor any interactions with group approached significance. 'Gains-only'/'losses-only' trials: proportionate choice All participants showed the usual reflection effect (F 1,106 =64.8, p<0.001). However, the reflection effect did not differ between the groups (F 3,106 <1). 'Gains-only'/'losses-only' trials: deliberation times Participants made their choices more quickly on 'gains-only' trials than on 'losses-only' trials (F 1,106 = 103.0, p<0.001). However, this increase in deliberation time did not differ between the groups (F 3,106 <1).
Pattern Recognition Memory
Participants were more accurate at the immediate stage of the Pattern Recognition Memory (PRM) (F 1,106 =7.0, p=0.009). The main effects of group and group × delay interaction were non-significant for both accuracy and latency. Delayed PRM latency correlated with total ecstasy use (r=0.40, p=0.004), lifetime amphetamine use (ρ=0.45, p=0.001) and lifetime cocaine use (ρ=0.40, p=0.004).
Delayed Match to Sample
Participants were more accurate (F 3,318 =44.4, p<0.001) and quicker (F 1,106 =72.2, p<0.001) in matching with the sample at shorter delays. The main effects of group and group × delay interaction were non-significant for both accuracy and latency.
Correlations with IVE impulsiveness
Since the sample of ecstasy users in the present study did not score higher on the impulsiveness subscale of the IVE than either control group, and since it has recently been reported that cognitive impairment following acute tryptophan depletion was related to trait impulsiveness (Cools et al. 2005) , we sought to determine whether our failure to identify differences between current MDMA users and controls might be related to the relatively low levels of impulsiveness in the MDMA users. In the MDMA users (current users and ex-users combined; N=50), greater impulsiveness was associated with latency at the delayed stage of the PRM test (r=0.33, p=0.029) and negatively with percent correct at the 12-s (most difficult) stage of the Delayed Match to Sample (DMTS) test (r=−0.44, p=0.001). In addition, impulsiveness correlated with the Tile Manipulation test 'Copy' stage thinking time (r=0.33, p=0.021), 'Mirror' stage moves per problem (r=0.39, p=0.005) and the number completed perfectly (r=−0.36, p=0.011). However, 'Copy' stage thinking time and impulsiveness were both also correlated with lifetime amphetamine use, and when amphetamine use was controlled for statistically, the relationship between these two variables only showed a trend towards significance (r=0.273, p=0.058). In the current MDMA users (N=30), impulsiveness correlated negatively with discrimination between high and low potential gains on the decision-making task (r=−0.41, p=0.024).
In the controls (N=60), impulsiveness correlated positively with accuracy at the simultaneous stage of the DMTS (r=0.30, p=0.018).
Discussion
This study used a cross-sectional design to investigate neuropsychological function in regular ecstasy users. The results in each of the domains of function assessed will be discussed in turn and compared to previous studies examining cognitive function in ecstasy users.
Executive function
On the 'Mental Rotation' test, the Tile Manipulation test and the DMTS, the current MDMA users did not differ from either control group. The ex-MDMA users made more moves per problem than the drug-naïve controls at the 'Copy' stage of the Tile Manipulation test, but not at the 'Mirror' or 'Mental Rotation' stage. This finding is more suggestive of a parietal impairment in the ex-MDMA users than a frontal impairment, since the groups differed only at the 'Copy' stage, a purer measure of spatial ability, and did not differ at the high working memory stages of the test.
Accuracy on the Tile Manipulation test at the 'Mirror' stage was associated with impulsiveness in the ecstasy users. An association between thinking time at the 'Copy' stage and impulsiveness in ecstasy users was unclear and at least partially confounded by amphetamine use. Impaired accuracy at the most difficult stage of DMTS was correlated with impulsiveness. In the controls, increased impulsiveness was related to a better performance on the DMTS.
A number of studies have examined other tests of executive function in ecstasy users, with some reporting impairments (Alting Von Geusau et al. 2004; Fox et al. 2001; Wareing et al. 2000 Wareing et al. , 2004 Zakzanis and Young 2001) and others reporting no impairments (GouzoulisMayfrank et al. 2003) on various measures of executive function. However, none of these studies controlled adequately for other non-ecstasy illicit drug use or measured impulsivity. In particular, Wareing et al. (2004) reported that when cannabis use was controlled for statistically, the impairment in the ecstasy users no longer reached statistical significance.
Episodic memory
On the PRM, the current MDMA users did not differ from either control group. However, latency at the delayed stage of PRM correlated with trait impulsiveness in the ecstasy users but not the controls. The finding that, overall, the ecstasy users did not score worse than controls on this visual episodic memory test was in disagreement with previous findings that visual memory was impaired in ecstasy users (Fox et al. 2002; Verkes et al. 2001) , but was in agreement with other reports finding no impairment (Bhattachary and Powell 2001; Rodgers 2000) . However, none of these studies measured impulsivity and also did not control fully for non-ecstasy drug use, making comparison with the present study difficult.
Impulsivity and decision-making
The ex-MDMA users scored higher on IVE impulsiveness than the drug-naïve controls. The ex-MDMA users, current MDMA users and polydrug controls did not differ. Previous research on questionnaire-measured impulsivity in ecstasy users has provided conflicting results (Butler and Montgomery 2004; McCann et al. 1994; Morgan 1998) . However, in the current study, since IVE impulsiveness was correlated not only with ecstasy use but also with other indices of drug use, such as cannabis and amphetamine, it is possible that such elevated impulsiveness scores are not caused by ecstasy use per se but may instead reflect the personalities of those individuals who choose to abuse illegal drugs. As discussed above, the most impulsive ecstasy users were also those most impaired on tests of visual episodic and working memory.
The decision-making task failed to differentiate the groups in this study. This finding was somewhat surprising since Rogers et al. (2003) reported that tryptophan depletion resulted in reduced discrimination between potential gains on the same task in healthy volunteers, although it was in agreement with Fox et al. (2002) , who reported that ecstasy users were not impaired on another decision-making task (Rogers et al. 1999) .
However, a contemporaneous study using an amended version of the decision-making task used in the present study has found significant deficits in ecstasy users (Morgan, Impallomeni, Pirona and Rogers, unpublished) . These authors compared the decision-making of a sample of recreational ecstasy users (who reported a modest use of illicit drugs other than cannabis), a sample of polydrug controls (ecstasy-naïve illicit drug users) and a sample of drug-naïve controls-finding that the ecstasy users showed reduced discrimination between potential gains and losses when making choices compared to the two control groups. Discrimination between the probabilities of different outcomes was not affected.
There are several possible factors that might account for the discrepancy between these results and the results of the present study, including the use of a task with a slightly reduced variability in the probability of winning and losing (0.66 vs 0.33 compared to 0.75 vs 0.25 as used here). However, in contrast to the current MDMA users who participated in our study, the ecstasy users studied by Morgan et al. were significantly more impulsive than both the polydrug controls and the drug-naïve controls, as measured by the Matching Familiar Figures Test (Cairns and Cammock 1978) . Notably, the discrimination between high-potential and low-potential wins was significantly correlated with IVE impulsiveness in our current MDMA user group. In the study of Morgan et al., the changes on the part of the ecstasy users were associated with higher impulsivity scores on the Matching Familiar Figures Test, highlighting the possibility that impulsivity mediates cognitive impairments in ecstasy users and suggesting that it is associated with a failure to attend to reinforcement signals in the context of risky choice. This result is also consistent with a recent report showing that impulsive healthy volunteers were those most affected by acute tryptophan depletion, a dietary manipulation resulting in reduced 5-HT synthesis, on a test of cued-reinforcement operant responding (Cools et al. 2005) .
A recent study employing a novel risk-taking measure, the Bets16, reported that 'high-ecstasy users', although not 'low-ecstasy users', displayed greater risk-taking behaviours (Butler and Montgomery 2004) . However, the 'high-ecstasy' and 'low-ecstasy' users in that study differed from controls in terms of ecstasy use, use of other illicit drugs and impulsiveness, making this result difficult to interpret. Previous studies examining the effects of chronic drug use on risk-taking behaviour have found specific effects depending on the drug abused (Rogers et al. 1999) . Future studies examining decision-making in ecstasy users should therefore attempt to match ecstasy users and comparison subjects on measures of non-ecstasy illicit drug use.
Study limitations and potential improvements
The aim of this study was to assess cognitive function in ecstasy users while controlling for polydrug use. Although this was achieved for the current MDMA users, who did not differ from the polydrug controls on any measure of illicit drug use, the ex-MDMA users had significantly greater past cocaine use than the polydrug controls, which may have contributed to some of the impairment seen in this group. The ideal control group with which to compare the ex-MDMA users recruited in the present study would consist of individuals who had past regular cannabis, cocaine and amphetamine use and with no exposure to ecstasy, but were now leading relatively drug-free lives. However, recruitment of such individuals in sufficient numbers for a meaningful comparison would be very difficult.
In this study, few differences were identified between the groups and none between the polydrug controls and the current MDMA users. This could be due to the matching of the groups, but might also be a result of low statistical power. Although larger than most studies in the literature, with N=30 in the largest groups, this study had 80% power to identify an effect size of 0.72 at α=0.05. The value 0.72 is in the range of a large effect size (Cohen 1988) , and it is therefore likely that a difference of medium effect size (e.g. 0.5) might have been missed. It is also conceivable that the tests used in this study were not sensitive to 5-HT disturbance. However, some of the tests used have been employed to demonstrate cognitive changes following acute tryptophan depletion (Rogers et al. 2003; Rubinsztein et al. 2001) ; therefore, this explanation seems unlikely.
Finally, the MDMA users selected in this sample may not provide a true reflection of the general MDMA user population. The current MDMA users were selected based on a low use of other illegal substances, although their ecstasy use was relatively high compared to those included other studies. However, this recruitment strategy may have resulted in an unusual sample of MDMA users-in particular, the MDMA users studied here were not significantly more impulsive than the drug-naïve controls. Notably, the most impulsive MDMA users were those most impaired on tests of visual episodic and working memory, and also showed reduced discrimination between potential wins on the decision-making task-correlations that were not present in the controls.
These data are consistent with previous studies suggesting that impulsive individuals or those with a family history of disorders relating to impulse control are most vulnerable to cognitive impairment following acute tryptophan depletion (Cools et al. 2005; LeMarquand et al. 1999; Sobczak et al. 2002) . Since impulsive individuals are more likely to use illegal substances (Moeller et al. 2001) , these data suggest that those most likely to use ecstasy may also be those most likely to suffer from long-term cognitive problems following chronic use. However, it is acknowledged that this supposition is based only on post-hoc correlational analyses and that the causality of this relationship would be better ascertained by a longitudinal study.
In contrast to most other studies, the current MDMA users in this sample also reported levels of depressive symptomatology to equivalent to those of controls (Roiser and Sahakian 2004) . Since depression is associated with impaired cognitive function (Tavares et al. 2003) , the relatively low levels of depression might also have contributed to the lack of cognitive impairment seen in this sample of ecstasy users.
Summary
This study compared current MDMA users, polydrug controls, drug-naïve controls and ex-MDMA users on a battery of tests measuring episodic memory, executive function, decision-making and impulsivity. Significant differences were found between the ex-MDMA users and the drug-naïve controls on the impulsiveness scale of the IVE and the 'Copy' stage of the Tile Manipulation test. Within the ecstasy users, but not the controls, poorer performance on a number of tests was related to questionnaire impulsiveness. These data highlight the complexities in interpreting cross-sectional studies of ecstasy users and controls. Longitudinal studies are needed to unambiguously determine whether chronic ecstasy use leads to long-term cognitive impairment and whether particular groups or individuals are more vulnerable to its effects than others.
